The cAMP outputs by granulosa cells from 3\ p=n-\ 4\ m=. \ 5 mm diameter (medium) follicles of Booroola FF ewes were similar to those by cells from \ m=ge\ 5 mm diameter (large) follicles of ++ ewes with respect to time or dose of FSH, cholera toxin or forskolin. Likewise, the cAMP outputs by cells from 1\ p=n-\ 2\ m=. \ 5 mm diameter (small) FF follicles were similar to those by cells from small and medium ++ follicles with respect to time or dose of FSH, cholera toxin or forskolin. At FSH, cholera toxin or forskolin doses of 1 \g=m\g/ml, 0\m=.\5 \g=m\g/ml and 10 \ m=-\ 4 m respectively, the granulosa cell cAMP outputs of medium FF or large ++ follicles were approximately 2-fold (P < 0\m=.\05) higher than in the respective small FF and medium ++ follicles. The effects of cholera toxin plus forskolin or FSH plus forskolin were additive irrespective of genotype or follicle size, with significant differences (P < 0\m=.\05) observed between follicle sizes but not genotype. No differences were noted between cholera toxin plus forskolin or FSH plus forskolin on granulosa cell cAMP output.
Introduction
High fecundity Booroola ewes carry a major gene(s) which influences the number of ovulations per oestrous cycle (i.e. ovulation rate; see Bindon, 1984 , for review). Homozygous (FF) and heterozygous (F + ) carriers and non-carriers (++) of the F gene(s) have been segregated by pedigree and by ovulation-rate recordings of > 5, 3 or 4, and 1 or 2 respectively (Davis et al., 1982) . The endocrine basis for the high ovulation rate remains unknown. A characteristic feature of animals with the F gene is that their ovarian follicles ovulate at a significantly smaller diameter than do those in ++ ewes (McNatty et al, 1986a) . In FF ewes preovulatory-sized follicles have diameters of 3-4-5 mm whereas in ++ ewes such follicles have diameters exceeding 5 mm. This size difference before ovulation seems to be a consequence of antral follicles in F gene carriers responding to luteinizing hormone (LH) and/or follicle stimulating hormone (FSH) to synthesize high levels of adenosine cyclic 3',5'-monophosphate (cAMP) and of granulosa cells in F gene carriers synthesizing oestradiol and acquiring functional LH receptors at smaller diameters relative to those in +-1animals (Henderson et al, 1985 McNatty et al, 1985a McNatty et al, , b, 1986a McNatty et al, , b, 1989a . This earlier sensitivity to FSH (or LH) or the presence of more differentiated cells with respect to cAMP synthesis is not due to any obvious gene-specific differences in the FSH (or LH) binding characteristics of the granulosa cells (McNatty et al, 1986a (McNatty et al, , 1989a or to any change in cAMP-phosphodiesterase activity (McNatty et al, 1989b) . However, it might be due, in part, to increased activity or altered compo¬ sition of the regulatory or catalytic components of the adenylate cyclase system (Richards & Hedin, 1988) .
It is thought that FSH (or LH) modulation of adenylate cyclase (EC 4.6.1.1) occurs following FSH (or LH) receptor binding via a pair of regulatory guanine-nucleotide-binding (GTP) proteins Gs and Gi, whereby Gs mediates stimulation and Gi inhibition of the catalytic component of the adenylate cyclase system (see Gilman, 1984, for review) . The activities of the regulatory G proteins have been assessed using the bacterial toxins, cholera or pertussis toxin, which specifically ADPribosylate the s or i chains of the respective G proteins (Birnbaumer et al, 1985; Jakobs et al, 1985; Schräm & Selinger, 1986) . For example, in pig granulosa cells, cholera toxin can stimulate cAMP synthesis in the absence of pituitary hormones while preincubation of granulosa cells with pertussis toxin can subsequently enhance the ability of FSH or LH to stimulate cAMP synthesis (Veldhuis & Hewlett, 1985) . The effects of cholera or pertussis toxin on cAMP synthesis in sheep granulosa cells are not known.
The activity of the catalytic component of adenylate cyclase can, at least in part, be evaluated using forskolin (Gilman, 1984; Seamon, 1985) . At micromolar concentrations, forskolin has been shown to stimulate adenylate cyclase in the absence of Gs (Seamon et al, 1981) although in intact cells such as the membrana granulosa forskolin may stimulate cAMP synthesis via two separate binding sites: one class of binding site may be associated with the catalytic component of cyclase, while the other might be via the Gs-cyclase complex (Seamon & Daly, 1985) .
To gain further information on the regulation of granulosa-cell cAMP synthesis in Booroola ewes we have examined the effects of different doses and/or incubation times of FSH, cholera toxin, pertussis toxin, forskolin or cholera toxin plus forskolin on granulosa cells from non-atretic follicles from the FF and +-1-genotypes.
Materials and Methods

Animals
The parous Booroola Merino ewes were between 4 and 8 years of age. All the FF ( = 38) and ++ ( = 38) animals were assigned their genotype by pedigree analysis. Moreover, at least one annual examination of ovulation rate in these animals by laparoscopy confirmed that the ovulation rates in FF and ++ ewes were > 5 and < 3 respectively. Ovaries of the Booroola ewes were recovered between Day 4 and Day 12 of the oestrous cycle (Day 0 = day of oestrus).
Recovery of granulosa cells and assay methodology
Ovaries were collected into chilled minimum essential medium (MEM; Gibco, Grand Island, NY, USA) + 20 mM-Hepes buffer (Sigma Chemical Co., St Louis, MO, USA) + 0-1% (w/v) BSA (>97% pure; Immuno-chemical Products Ltd, Auckland, NZ). All follicles ( > 1 mm diam.) were dissected free of extraneous tissue. Granulosa cells were pooled from non-atretic follicles of 1-2-5 mm, 3-4-5 mm or >5 mm in diameter (see McNatty et al, 1986a , for the follicle classification system). Briefly, a non-atretic follicle was defined as that which contained a vascularized theca interna, no debris in follicular fluid, >25% of the maximum number of granulosa cells for a given follicle size and an oocyte of healthy appearance. An atretic follicle was so defined if one or more of the above criteria were not satisfied. For each genotype, each pool of granulosa cells was made from the ovaries of 2 ewes except for the time course studies for which pools of cells were prepared from single ewes. Once prepared, the cellular pools were centri¬ fuged at 450 g at 4-6°C for 20 min and the cellular pellets were then resuspended in the incubation medium, namely MEM + bovine insulin (2µg/ml; Gibco) + cortisol (40 ng/ml; Sigma) + 3-isobutyl-l-methylxanthine (0-2 mM, IBMX; Sigma) + Hepes buffer (20 mM) -I-0-1% (w/v) BSA at a concentration of 2-4 IO5 cells/ml. For the doseresponse studies with FSH (NIADDK-oFSH-16), cholera toxin (Calbiochem, La Jolla, CA, USA) or forskolin (Calbiochem), the cell suspensions were then added in 0-5 ml aliquants to 12 75 mm screw-topped plastic tubes semi-immersed in ice-water and containing 0-5 ml of the above incubation medium with FSH (0, 20, 200 or 2000 ng/ml). cholera toxin (10, 100 or 1000 ng/ml) or forskolin (2 10~6, 2 IO"5 or 2 "4 m). All the doseresponse studies on each pool of cells were performed in duplicate. The tubes were incubated at 37°C for 0 or 45 min and then heated to 80°C for 15 min before being stored at -20°C until assayed for cAMP. The effects of incubation time on the rates of cAMP synthesis by granulosa cells from FF and + + ewes were also tested after exposure to FSH (100 ng/ml final concentration), cholera toxin (500 ng/ml final concentration) or forskolin (10"4M final concentration). As described above, the cells in 0-5 ml incubation medium were added to 10 75 mm tubes containing 0-5 ml FSH, cholera toxin or forskolin and then incubated for 0, 10, 20, 40, 60, 120 or 240 min followed by heating to 80°C
For the studies with pertussis toxin (Batch 87-2; Commonwealth Serum Laboratories, Melbourne, Australia) 0-5 ml aliquants of cells were added to 12 75 mm screw topped plastic tubes as described above containing either 0-5 ml incubation medium alone or 0-5 ml incubation medium with 400 ng pertussis toxin/ml. The tubes were then incubated overnight (i.e. 16 h) in an agitating waterbath at 37°C. The following day the tubes were centrifuged at 450 g for 20 min at 4-6°C. The resulting supernatant was then discarded and the cellular pellet resuspended in fresh incu¬ bation medium containing 1000 ng FSH/ml (NIADDK-oFSH-16) and incubated at 37°C for 0 or 45 min followed by heating at 80°C as described above. The numbers of cells at the end of the pertussis experiment were determined by the DNA assay of Sorger & Germinario (1983) .
To test for additive or synergistic effects of cholera toxin plus forskolin on cAMP synthesis with respect to geno¬ type, 0-5 ml cholera toxin at 1 µg/ml, forskolin at 2 10"4 M or cholera toxin (1 µg/mi) plus forskolin (2 10"4 m) were added to granulosa cells (1-2 105/tube) in 0-5 ml and incubated for 0 or 45 min, followed by heating to 80°C.
cAMP assay
The assay was similar to that described by McNatty et al (1985b) . Briefly, 10-100 µ incubation medium and standards were added to assay tubes (12 75 mm), acetylated (Harper & Brooker, 1975) and then incubated with 100 µ cAMP antiserum (ARL; kindly supplied by Dr A. R. La Barbera, Northwestern University, Chicago, IL, USA) and 100 µ 125I-labelled 2',0-monosuccinyl adenosine 3',5'-cyclic monophosphate tyrosyl methyl ester (unlabelled material supplied by Sigma) at 4°C overnight. Subsequently, the free and bound fractions were separated using 0-2% (w/v) activated charcoal (Sigma) in 005 M-sodium acetate buffer (pH 6-5) with 0-25% (w/v) BSA. With the above procedure the assay measures total cAMP, that is both the intraand extra-cellular content. Examination of residual cell numbers in the assay tubes after incubation at 37°C, heating to 80°C and freezing and thawing revealed <25% of the original cell numbers remained with most identifiable cells being damaged and/or fragmented. Also, no significant differences in cAMP values were noted after comparing the results of the above assay with those after the media and cells had been sonicated to disintegrate all residual granulosa cells (paired t test; = 12 separate pools of cells/ genotype). The cAMP results were expressed as pmol/106 cells with the inter-and intra-assay coefficients of variation being 14 and 8% respectivly. The limit of detection was <0·02 pmol/106 cells.
DNA assay DNA (calf thymus; Sigma) standards in the range 0-35-3-5 µg DNA/ml were prepared in the aforementioned incubation medium. Aliquants (200 µ ) of DNA standard or cellular material were added to glass test tubes (12 75 mm). Subsequently 2-5 ml diamidinephenylindole solution DAPI (Sigma) were added. The DAPI solution was prepared by combining 0-4 volumes DAPI (2-5 µg/ml) in 3-6 volumes of assay buffer (18 mM-NaS04 + 50 mM-Hepes, pH 70) and 6 volumes of water. After incubation for 10 min at room temperature, the relative fluorescence values of the unknowns were compared with the standards using a Perkin Elmer 2000 Fluorescence Spectrophotometer with a 360 nm excitation and 450 nm emission filter and the expansion multiplier set on 50.
Statistical analyses
No significant departures from normality were noted using the Kolmorgorov-Smirnov test (Zar, 1974) . However, the data were transformed using loge to equalize the variances. To examine the effects of FSH, cholera toxin or forskolin on cAMP output, multiple linear regressions were performed for each reagent separately to examine the overall contribution of genotype, follicular diameter and dose or time to the variation in cAMP response. For each genotype, the effects of dose or time for each diameter were tested by least squares regression analysis whereas the effects of follicular diameter at each dose were tested by paired-sample t test. For the regression analyses, indicator variables were used to model genotype, follicular diameter ( 1, 2, 3 for small, medium, large respectively) and dose ( 1, 2, 3 for increasing levels). In some cases follicles of different sizes and genotype were judged to be at similar stages of development. Subsets of the data were then analysed as indicated. For genotype comparisons, multiple ; tests were performed between pairs of follicle groups.
To test for differences between the pertussis toxin and control groups or between forskolin and/or cholera toxin and forskolin + cholera toxin, paired t tests were used for comparisons within each genotype and the dose and follicular diameter genotype effects between pairs of follicle groups were performed by multiple t tests.
Results
In the ++ genotype, non-atretic follicles > 5 mm in diameter were common (i.e. 1-2 + 0-2 follicles per ewe; = 38 animals), but in the FF genotype follicles > 5 mm diameter were never observed irrespective of whether they were atretic or non-atretic. The largest non-atretic follicles in the FF genotype were 3-4-5 mm in diameter (i.e. 3-2 ± 0-3 per ewe, = 38). In the ++ genotype, the mean + s.e.m. number of non-atretic 3-4-5 mm follicles was 2-6 ± 0-5 per ewe. The mean + s.e.m. numbers of non-atretic follicles of 1-2-5 mm diameter in FF and ++ genotypes were 9-3 ± 0-8 per ewe and 9-5 ± 0-7 per ewe respectively.
Effect of FSH, cholera toxin or forskolin on cAMP output by granulosa cells with respect to dose, follicular diameter and Booroola genotype These data summarized as geometric means (and 95% confidence limits) are shown in Fig. 1 . For FSH and forskolin there were statistically significant positive associations between dose and granulosa cell cAMP output for all follicle diameters (P < 005 for both hormones, linear regression analysis, R > 0-6, = 10 sheep). For cholera toxin, the associations were not significant (P > 005, R~0-5 for all follicular diameters, = 10 sheep).
When cells from >5mm diameter (large) ++ and 3-4-5 mm diameter (medium) FF follicles were each considered to be at a similar stage of maturation and those from medium ++ and 1-2-5-mm (small) FF follicles were each considered to be at similar stages, multiple linear regression analysis indicated that the dose of FSH, cholera toxin or forskolin accounted for between 69 and 86% of the cAMP variation, whereas follicular diameter and genotype respectively accounted for between 3 and 10% and 01 and 0-7% of the variation.
For all doses of FSH, cholera toxin or forskolin, the mean cAMP outputs by cells from medium FF follicles were all significantly greater (P < 005) than those from small FF follicles. For the ++ genotype at all doses of FSH or forskolin > 10"5 M respectively, the mean cAMP outputs by granulosa cells from large follicles were all greater (P < 005) than those from either medium or small follicles with the outputs from cells from the last two follicle sizes not being different from one another. For cholera toxin at all doses, the mean cAMP outputs by cells from large ++ follicles were greater (P < 005) than those by cells from small +4-follicles but not from medium ++ follicles (Fig. 1) .
With regard to genotype comparisons, no significant differences were noted between cells from large ++ or medium FF follicles at any dose of FSH, cholera toxin or forskolin. For all doses of FSH but not cholera toxin or forskolin, the mean granulosa cell cAMP outputs were significantly greater (P < 005) from medium FF than from medium ++ follicles.
Effects of FSH, cholera toxin or forskolin on cAMP output by granulosa cells with respect to follicular diameter, genotype and time These data summarized as geometric means (and 95% confidence limits) are shown in Fig. 2 . When the cells from >5mm diameter (large) ++ and 3-4-5-mm diameter (medium) FF follicles 10 different pools of cell with each pool being derived from 2 ewes; FF, = 10 as for ++ ewes). The points represent geometric means with the vertical lines representing the 95% confidence limits. For all follicle diameters and for all treatments the cAMP outputs in the control incubations were <0-2 pmol/106 cells. The incubation time was 45 min. For each dose of FSH, cholera toxin or forskolin, the cyclic AMP values not sharing a common alphabetical superscript indicate a significant difference (P < 0-05) between follicles of different sizes and/or genotype. and from 1-4-5-mm diameter (small-medium) ++ and 1-2-5-mm diameter (small) FF follicles were each considered to be at similar stages of maturation, multiple linear regression analysis indicated that the effects of time after FSH, cholera toxin or forskolin accounted for between 60 and 85% of the cAMP variation whereas follicular diameter and genotype, respectively, accounted for between 2 and 17% and 0 and 3% of the variation (n = 5 pools of cells per genotype for each substance tested).
For each substance (i.e. FSH, cholera toxin or forskolin) tested, the cAMP response patterns were similar. For the FSH and forskolin treatments, increased mean cAMP outputs were evident after 10 min relative to the values at time zero, whereas after exposure to cholera toxin, increased mean cAMP outputs were not evident until after 20 min of incubation. For all treatments the rate of cAMP output tended to slow down after 40-60 min. 
Effect of pertussis toxin treatment on subsequent FSH-induced cAMP output
These data with respect to follicular diameter and genotype are summarized in Fig. 3 . At all follicular diameters and for both genotypes, preincubation with pertussis toxin resulted in significantly more FSH-induced cAMP output relative to that from the controls (P < 005 for all diameters in each genotype; paired / tests). If the FSH-induced outputs from the control or per¬ tussis toxin-treated cells of medium FF follicles are respectively compared to those by cells from large ++ follicles, no gene-specific differences were noted (Student's t test). Likewise, if similar comparisons are made between cAMP outputs from the control or pertussis toxin-treated cells of small FF follicles with those of medium ++ or small ++ follicles, no gene-specific differences were noted (n = 9 pools of cells for all treatment groups of both genotypes). Follicle diameter (mm) Fig. 3 . Mean cAMP outputs from FSH (1 µg/ml)-stimulated granulosa cells after overnight preincubation with control medium (D) or pertussis toxin (200ng/ml; 0). Values are geo¬ metric means with the vertical lines indicating the 95% confidence limits. In all cases there were significant differences (P < 005) between the control and pertussis toxin-treated cells (paired t test) at each follicular diameter. = 9 ewes per genotype.
Effects of forskolin, cholera toxin or forskolin + cholera toxin on cAMP output by granulosa cells with respect to Booroola genotype and follicular diameter These data are summarized in Table 1 . In FF ewes the mean cAMP output by cells from medium follicles (i.e. 3-4-5mm diam.) was significantly higher (P < 005) than that by cells from small follicles (i.e. 1-2-5 mm diam.) after forskolin or forskolin + cholera toxin treatment but not after cholera toxin treatment alone. In ++ ewes the mean cAMP output by cells from large follicles (i.e. >5mm diam.) was significantly higher (P < 005) than that by cells from either medium or small follicles after forskolin, cholera toxin or forskolin + cholera toxin treatment.
For each diameter and genotype separately the cAMP outputs after forskolin or cholera toxin treatments were each significantly lower than that of forskolin + cholera toxin (all < 005; paired t test). However, when the cAMP outputs from the forskolin and cholera toxin treatments were added together they were not significantly different from that of the combined forskolincholera toxin treatments. For both genotypes, therefore, the effects of forskolin plus cholera toxin were additive. Moreover, the cAMP outputs by cells from medium FF follicles were not different from those by cells from large +-1-follicles irrespective of treatment. Similarly, the cAMP outputs by cells from small FF follicles were not different from those by cells from medium or small +-(follicles.
The cAMP outputs after cholera toxin (500 ng/ml) + forskolin (10~4m) were compared with those after FSH (1 µg/ml) + forskolin (10"4m) and were not significantly different from one another (n = 4 pools of cells per genotype per treatment; data not shown). For all follicle diameters and genotypes the control cAMP outputs were < 1 pmol/106 cells. = 8-13 ewes/genotype per follicular diameter. For each treatment and each genotype separately, values with a different alphabetical superscript are significantly different from one another (P < 005). * Forskolin + cholera toxin significantly higher than forskolin or cholera toxin alone (P < 005).
Discussion
The major findings from these studies are that the cAMP outputs by granulosa cells from medium (3-4-5mm diam.) follicles of FF ewes are similar to those by cells from large (>5mm diam.) follicles of ++ ewes, as are those by cells from small (1-2-5 mm diam.) FF follicles compared to small and medium ++ follicles notwithstanding the dose of FSH, cholera toxin or forskolin. The findings for FSH confirm those of Henderson et al (1987) . Overall, the cAMP output with respect to time tended to be higher in the FF compared to the +-1-genotype although the patterns were the same. In addition these studies confirm the existence of a pertussis toxin-sensitive inhibitory component of cAMP production in sheep granulosa cells as has been demonstrated in the pig (Veldhuis & Hewlett, 1985) . However, no evidence for gene-specific differences in the pertussis toxin-sensitive component was noted when the outputs of cells from medium or small FF follicles were respectively compared with cells from large or small-medium +-1-follicles. Overall, these findings suggest that the activity (or composition) of the regulatory or catalytic components of the adenylate cyclase system in FF granulosa cells change in a similar manner to those observed in ++ cells with the major difference being that the increase in adenylate cyclase in FF ewes occurs as follicles enlarge from 1-2-5 mm to 3-4-5 mm in diameter, whereas in ++ ewes the increase occurs as follicles enlarge from 3-4-5 mm to >5mm diameter. As this study has con¬ firmed, follicles in FF ewes are rarely observed to enlarge beyond 4-5 mm in diameter before ovulation, whereas in ++ ewes preovulatory follicles are > 5 mm in diameter (McNatty et al, 1986a) . Since no gene-specific differences have been noted in the FSHor LH-receptor binding characteristics of sheep granulosa cells or in cAMP phosphodiesterase activity (McNatty et al, 1986b (McNatty et al, , 1989a , the question remains as to the mechanisms responsible for the size-specific increases in FSH-, cholera toxinor forskolin-induced cAMP outputs in ++ or FF ewes.
Presumably it is this size-specific difference in cAMP response which is ultimately responsible for the gene-specific difference in preovulatory follicular diameter. However, no evidence was obtained from the present study to link the F gene to the size-specific differences in cAMP response. Indeed, any such association between the F gene and the size-specific cAMP response may well be a consequence of a completely different protein or factor(s) influencing ovarian function.
It has been reported that there is an increase in the content of Gs protein in granulosa cells of rat preovulatory follicles as measured by NADP ribosylation of the Gs subunit and quantitation by gel chromatography (unpublished data reported in Richards & Hedin, 1988 ). In the present study both the cholera toxin-and forskolin-induced increases in cAMP output were approximately 2-fold greater in preovulatory compared to smaller-sized follicles in FF and ++ genotypes. This increase in cAMP could be explained by an increase in Gs content if it is assumed that the forskolininduced increase was a consequence of activation of the Gs-cyclase complex (Seamon & Daly, 1985) . Alternatively the increase in cAMP could be explained by an increase in the amount of catalytic subunit. In any event, further studies are required to establish whether these or other mechanisms are involved.
The size-specific increase in FSH-, cholera toxin-, forskolinor cholera toxin + forskolininduced cAMP output in granulosa cells occurs concomitantly with size-specific increases in aromatase activity and the acquisition of plasma membrane receptors for LH (McNatty et al, 1986a, b) . Although not proven for sheep, aromatase and LH receptor induction in rodents and pigs appear to be a consequence of FSH stimulation and/or phosphorylation (activation?) of the oestradiol receptor (Richards, 1980; La Barbera & Ryan, 1981; Richards & Hedin, 1988) . Whether these key follicular events are due to higher plasma LH and/or FSH concentrations in FF com¬ pared with ++ ewes (McNatty et al, , 1989c or to some other gene-specific activity (at present unknown) requires further study.
Irrespective of genotype or follicle size, the rates of cAMP synthesis after FSH, cholera toxin or forskolin stimulation tended to slow down after 40-60 min. After exposure to FSH or forskolin the cAMP responses had increased above the control values after 10 min. For FSH this is consistent with the report that 50% of the hormone is bound to its receptor after 3 min at 37°C (McNatty et al, 1989a ). After addition of cholera toxin, there was a 20 min time-lag before cAMP synthesis began to increase. The lag in cAMP response to cholera toxin has previously been observed in a variety of cell types (e.g. fat cells, Leydig cells, granulosa cells; Sahyoun & Cuatrecasas, 1975; Dufau et al, 1978; La Barbera et al, 1982) . The lag in response has been attributed to the time taken for the initial interaction of cholera toxin with the cell membrane and the release and/or transmembrane passage of the toxin's active subunit before activation of adenylate cyclase (Sahyoun & Cuatrecasas, 1975; Gill, 1976) . In the present report, the incubation time for all but the time-related studies was 45 min; at this time it is reasonable to assume cAMP was being accumu¬ lated at a maximum rate notwithstanding the differences in rates of accumulation between cholera toxin and FSH or forskolin during the first 20 min. Over a time period of 45 min the mean cAMP outputs to the highest doses of cholera toxin (0-5 µg/ml) or FSH (1 pg/ml) were similar. This, together with the finding that the effects of cholera toxin + forskolin or FSH plus forskolin were similar, is consistent with the notion that FSH acts through the same post-receptor stimulator(s) of adenylate cyclase that is targeted by cholera toxin. The finding that the effects of forskolin + cholera toxin were additive with respect to cAMP syn¬ thesis is consistent with the view that each substance may target different components of adenylate cyclase (Gilman, 1984) . Preliminary studies with granulosa cells from Romney ewes have shown that the highest doses of FSH (1 pg/ml), cholera toxin (0-5 pg/ml) or forskolin (10~4 m) used in the present study were maximal with respect to cAMP synthesis. However, because higher doses of these substances were not tested against granulosa cells from ++ or FF Booroola ewes, we cannot be certain that the above doses used in the present study always led to a maximal cAMP output. Nevertheless, the additive effects of cholera toxin (or FSH) + forskolin were independent of follicular diameter or Booroola genotype, indicating that hormones such as FSH are unlikely to gain access to the entire pool of adenylate cyclase in granulosa cells.
In conclusion, no evidence was obtained from the present study to suggest that the earlier maturation of follicles in FF compared to ++ ewes is due to gene-specific differences in the cholera toxin-, forskolinor pertussis toxin-sensitive components of the cAMP-generating system of granulosa cells.
